The paper analyzes the relationship between value added tax revenue and intermediate consumption in the case of Romania in the period January 2007 -September 2018 (quarterly data), using an unrestricted Vector Autoregression Model based on the rate of dynamic taxation's level (in terms of value added tax revenue) and the rate of dynamic intermediate consumption. In literature, is questioned only the relationship between tax revenue and gross domestic product. Our study emphasizes the link between tax revenue and parts of the own tax base. The relationship is questioned in both directions, namely with respect to the manner in which value added tax affect intermediate consumption and in terms of the influence of intermediate consumption on value added tax revenue in the case of Romania. Given that a significant part of the corporate taxpayers have left the value added tax regime, intermediate consumption is considered instead of final consumption. The analysis is focused on a specific relationship in order to assess the general impact of indirect taxation on production capacity of the undertakings. Our findings reveal that there is not a direct relationship between intermediate consumption and value added tax revenue at the level of Romania despite a such relationship at the EU-28 level. Moreover, in the case of Romania a high volatility of intermediate consumption was found. Both the breakage between tax revenue and his tax base, and volatility of the tax base suggest an influence of hidden economy. For future concerns about tax policy development, a specific model for estimating and forecasting value added tax revenue should be developed for Romania. On the other hand, based on the findings of this study, a model can be developed to assess the impact of the hidden economy on the value added tax revenue.
Introduction
Changes in fiscal policy aggregated with major economic fluctuations, especially post-crisis, call for a closer analysis of the relationship between tax bases and tax revenues. Usually, macroeconomic studies on the impact of taxation are limited to pursuing the relationship between revenue and gross domestic product (GDP), with or without the consideration of contextual variables. This article examines the nature of the relationship between intermediate consumption as part of the tax base for value added tax (VAT) and VAT revenue in order to identify the extent to which economic developments can affect tax revenue from indirect taxes. Somewhere else, we showed the atypical evolutions of tax bases and associated tax revenues in the case of Romania, including the evolution of the final consumption in relation to VAT. Why intermediate consumption? Although it accounts for only 0.1% of GDP, both in the EU-28 and, in particular, in Romania, from the point of view of VAT, intermediate consumption represents in Romania about 44% of the total tax base for this tax. Can be the intermediate consumption predictor for VAT revenue?
The assumed working hypothesis was that there is a direct (positive) relationship between intermediate consumption and VAT revenue. At the same time, however, given the fact that the value of transactions between companies is not available at any time, we have been interested in seeing how much the evolution of VAT revenue can be a predictor for the evolution of intermediate consumption. For this purpose, the growth rates and not the level values were considered as variables. For a better understanding of the nature of the link between the two variables we opted for Vector Autoregression Model (VAR). This kind of models include the influences of the previous values of the variables, and not only the impact of present values of variables considered. The multiple influence of the variables is also comprised.
The second section of this article surveys the relevant literature regarding the relationship between tax base and tax revenue as well as regarding determinants of tax revenue; the third section presents the methodology of analysis and describes data used; the fourth section describes the variables and presents the results; the last section is focused on conclusions.
Literature review
Literature is poor in analyzing the relationship between tax bases and tax revenues. Perhaps more extensive research on this type of relationship is that of Kawano and Slemrod (2012) , which focuses on the link between changes in the tax base and changes in tax revenue in the field of corporate taxation, but this link is studied from the perspective of fiscal policy changes, in this case changes in tax rates. The analysis is, however, directed to reveal rather the strong link between tax rates and tax revenues than the link between tax bases and tax revenues. We believe that studying this type of link (i.e. relationship between tax bases and tax revenues) is much more important given that a tax rate, whatever that may be, is applied to a tax base which can be in compression or in expansion. In general, it is assumed that there is a direct link between the level of tax revenues and the tax rate, under conditions of perfect compliance by the taxpayers. In this way, a natural link between the tax base and the level of revenue is assumed, in this key being thought out the recommendation made by Vito Tanzi (2000) for the emerging countries to consolidate their tax revenues based on direct taxation by increasing the tax rates and thus reducing the reliance on foreign trade taxes.
In terms of VAT, the studies were initially focused on assessing the impact of this tax on international trade (Feldstein and Krugman, 1989) or on identifying the determinants of tax revenue (Bogetic and Hassan, 1993) . Later, attention was directed to studying the effectiveness of this kind of tax (Bird and Gendron, 2006) . More recently, the relationship between VAT revenue and total tax revenue has been studied, but in terms of the impact which tax system can have on economic growth (Okoli and Afolayan, 2015) . The problem was formulated exclusively in terms of economic impact and less in terms of fiscal sustainability. The European Commission (2015) tends to be more interested in enhancing fiscal sustainability, with a positive effect on economic growth, fiscal policy stance being aimed at broadening tax bases rather than maximizing tax revenues (especially through quota increases).
Recent research focuses on analyzing the relationship between tax revenues and economic growth, either using a regression model in which the explanatory variables are the tax revenues of each type of tax, and GDP is the variable explained (Kalaš et al., 2018) , or applying VAR models (Mutaşcu and Dănuleţiu, 2011) or by checking the Granger causality (Al-Abbadi and Abdel Khaliq, 2017). In the same line, Romer and Romer (2010) conducted their research focusing on the impact of fiscal policy changes on economic activity. The unrestricted VAR and structural VAR models were also applied to assess the macroeconomic effects of fiscal policy (Afonso and Sousa, 2011) . In fact, this approach constitutes a return to the way of looking at taxation from an economic point of view. Economists' concerns were almost exclusively related to the influence of public spending on economic growth, rather than the influence of taxation, the main growth models being analyzed comprehensively by Barro, R. & Sala-i-Martin, X.I. (1995) . When tax revenues are taken into account, the meaning of the analysis is one from taxation to economic activity (Leibfritz et al., 1997; Perotti, 2004) . Mamatzakis (2005) analyzes for the case of Greece the interaction between output growth, tax mix and tax burden based on Impulse Response Function. De Castro Fernández & Hernández de Cos (2006) estimate by means of the VAR methodology the influence of public spending and income for the case of Spain, finding that the increase of taxes only temporarily improves the public budget balance. Giordano et al. (2007) shows that, in the case of Italy, shocks to net income have negligible effects on all the variables. Kuismanen & Kämppi (2010) use Vector Stochastic Process with dummy variables to estimate the influence that fiscal policy has on Finland's economic activity, finding that positive tax shock (or a policy that increases public sector revenue) seems to have a positive effect on investment and GDP.
For the case of Romania, the concerns were directed towards identifying the correlation patterns between the economic growth and the budgetary revenue, thus being assessed the relationship between the tax burden and the economic activity. Brașoveanu & Brașoveanu (2008) find a negative link between economic growth and tax revenues for the period up to 2007. Enache (2009) notes that there is no strong link between fiscal policy and economic growth. Mureșan et al. (2014) analyze in particular the impact that VAT has on the economic activity, the authors developing a mathematical model meant to accurately provide the changes occurred in the economic activity induced by the reduction of taxation. Finally, Boiciuc (2015) analyzes, based on a VAR methodology, the effects of tax revenue shocks.
Causality has been studied, in general, in both ways, but only in relation to GDP, the purpose of the researches being to identify the link between economic growth and the tax system. In this article, we aim to identify predictors of either tax revenue, VAT in this case, or the tax base, the broader scope of research being the assessment of the sustainability of a tax system in a given economic context, and having regard to the fiscal policy in place.
Methodology

Data description
We have collected quarterly data for the period 2007 -2018 (q3) for a selection of two fiscal and macroeconomic indicators for Romania and for the European Union, namely VAT revenue and Intermmediate Consumption. Data were colected from Eurostat. It was analyzed the relationship between the two on three stages: as volume, as growth rate and as share of GDP. The last stage was rejected because the indicators have the same value in time and both at the Romanian and EU-28 level. Analysis in volume was useful to understand the behavior of the selected variables. All data collected have been stored and processed in Excel.
Method
Based on the working hypothesis, we performed two unrestricted Vector Autoregression Model (VAR), one for Romania and one for EU-28 as a whole in order to compare the evolutions of the selected indicators in Romania with a benchmark.
The two variables are treated as endogenous variables, considering each equation in the VAR Model containing k lag values for the t period.
The general model ca be written as:
where, cj are constant, βj represent the coefficients of the endogenous variables, IC is endogenous variable intermediate consumption growth rate, VATR is endogenous variable VAT revenue growth rate, and εj stand for terms of residual errors. Variables of the model are not log-transformed. The sample period runs from 2007: q1 to 2018: q3. We have considered growth rates instead of nominal values to capture the dynamics of the two variables.
The steps followed in order to perform the econometric analysis were: (a) testing stationarity of variables, (b) testing Granger causality to identify possible causality relationships, (c) a joint lag selection and VAR specification, (d) stability test, (e) residuals tests, and (f) analyzing impulse response functions. Following Harvey's considerations (Harvey, 1990) , we have used variables in level. In order to perform these steps of modelling, we used EViews 9.
(a) Stationarity has been verified with Augmented Dickey-Fuller test, firstly for the two variables in level (nominal values) and secondly for the two variables as growth rates.
Variables were tested in level in order to identify the pattern of variation of the natural series given the fact that we did not use log-transformed variables. Testing variables in level with nominal values is only to inform about the nature of variation of the growth rates, differentiation of the first order being not necessary at this stage (we did not use in the VAR model the variables with the series of nominal values). We found out that the two variables are not stationary in level in the case of Romania, but are stationary in level in the case of EU-28. Variables considered as growth rates are also stationary for EU-28. In the case of Romania, variable VATR growth rates become stationary, and variable IC growth rates remain non-stationary. (b) Granger causality was verified both for the two variables in level and as growth rates.
Pairwise Granger Causality Tests were applied for 4 lags because we have quarterly data. We found out that there is a strong link between intermediate consumption and
VAT revenue (considered in nominal values) at the level of EU-28, but seems to be not any link between the two in the case of Romania. The same situation is encountered in the case of growth rates. (c) For the specification of VAR models we used variables as growth rates even if one of the variables is not stationary. The choice of the number of lags is made on the basis of the VAR Lag Order Selection Criteria, wich show that, by all criteria, the proper lag is 4 both for Romania and EU-28 as a whole. (d) Stability of the model has been tested using VAR stability condition check test, finding out that both VAR models (for Romania and for EU-28) satisfy the stability condition. The stationarity of the variables considered is obtained, in the case of Romania, by the first-order differentiation of the series (Table 1) . The two variables are stationary in level, in the case of EU-28, which makes it possible to analyze the link between them without further processing (Table 2 ). We recall that our analysis is focused on the relationship between growth rates and not on the relationship of the two variables considered in volume. However, viewing variables in volume is important because evolution patterns can be identified. Simple visualization of the evolution of the variables considered ( Figure 1 ) reveals that the VAT revenue and the intermediate consumption in the economy tend to converge in the case of the EU-28, which is not verified in the case of Romania. Moreover, both variables have atypical developments in Romania if we relate to the aggregate evolution of the two variables at EU-28 level. A first conclusion that can be drawn from this is that both the macroeconomic environment and the VAT collection capacity are not stable (high volatility of the two variables is visible).
Results and discussions
Description of variables
The atypical situation of Romania is also confirmed by the results of the Granger causality between the two variables (VAT revenue and intermediate consumption). Thus, for lag 4 (the option for 4 lags is given that the series are made up of quarterly data), in Romania there is no Granger causality in any direction; in other words neither of the two variables influences the other. In contrast, at EU-28 level, the link between the two variables is very tight ( Table 3) . It can be noticed that, at Union level, intermediate consumption causes Granger tax revenue from VAT, which corresponds to economic logic and confirms the main working hypothesis. As regards the variable VAT revenue growth rates and the intermediate consumption growth rates, the link is maintained at Union level (EU-28), but the absence of the link remains in the case of Romania. The difference from the variables in volume is that in the case of Romania the variables considered tend to be stationary, except for intermediate consumption (Table 4 ). Another conclusion that emerges from the results presented is that in Romania the economic environment seems to be extremely unstable, given the high level of volatility of the intermediate consumption (Figure 2) , which can undermine the collection of VAT. However, the rate of increase in VAT revenue is a stationary variable, and it is suggested that achieving a certain level of collection is not related to economic fluctuations (!).
As with variables in volume, growth rates are correlated to EU-28, but are independent in the case of Romania (Table 5 ). 
Specification of VAR models
The first step to take is to choose the appropriate number of lags. For both Romania and the Union as a whole, the number indicated by all criteria is 4 lags (Table 6 and 7). The second step is to check the stability of the two models. The stability condition is met in both models (Tables 8 and 9 ). Estimation of VAR models is presented in Tables 10 and 11. It can be seen that regression equations have predictive power only for VAT receipts, considered as dependent variable. Therefore, even in the case of Romania, the sense of causality to be studied is from intermediate consumption to VAT revenue. Before analyzing impulse-response functions, an assessment of residuals is required to see to what extent the models perform.
A first finding is that errors are autocorrelated, both in the model for Romania and in the model for EU-28. However, the correlograms reveal that a compromise can be made from this point of view (Figures 3 and 4) . On the other hand, residuals are normally distributed in the case of Romania but do not have a normal distribution for EU-28 (Tables 12 and 13 ). Finally, the residuals are homoskedastic in the case of Romania, but they present heteroskedasticity in the case of the Union as a whole (Tables 14 and 15 ). Therefore, the interpretation of the results of these models should be done with caution. The analysis of impulse-response functions leads to the following estimations:  A positive impulse in intermediate consumption (e.g. increasing the growth rate by one percentage point) leads to a slight increase of VAT revenue in long-term, for Romania; instead, a positive impulse in VAT revenue growth leads to a sharp drop in intermediate consumption in the first two years (short-term), to a relative increase over the next 7 years and to a further decline over the last period ( Figure 5 ).  At the EU-28 level, a positive impulse in intermediate consumption leads to a steep rise in VAT revenues in the long term; instead, a positive impuls in raising VAT revenue leads to a long-term compression in intermediate consumption ( Figure 6 ). Although the results have to be viewed with reserve, the more so as the bands of variation include the zero value, the identified relations correspond to the economic logic and confirm the central hypothesis, with several mentions for Romania, given the atypical evolutions of the variables in this space.
The results indicate that an increase of the tax revenues based on the increase of the taxation will lead to a compression of the economic activity on the short term, the return to the initial level taking place in a longer term. The alternative is to increase tax revenue by stimulating the economic activity based on coherent economic policies. On the other hand, the pattern of variation of the variables shows that in Romania the hidden economy is significant. This requires from the authorities consistent measures to control a large part of the shadow economy. The high share of undeclared economic activity explains Romania's poor performance in VAT collection compared to other EU Member States. Accum ulated Res pons e of IC_EU_28_GR to IC_EU_28_GR Accumulated Response to Cholesky One S.D. Innovations ± 2 S.E.
Figure 6 -The impulse-response functions for EU-28
Source: Authors' own research
Conclusion
Overall, the central hypothesis has been confirmed, but the results reveal atypical situations, worth mentioning. In Romania, there is a high volatility in the volume of transactions between economic agents, reflecting some economic instability or the significant influence of the hidden economy. Moreover, there is no direct link between VAT tax revenue in Romania and an important component of the related tax base, surprisingly; tax revenue tend to have a relatively constant growth rate regardless of the sense and magnitude of the change in volume of the base of taxation. A positive impulse in intermediate consumption, thus increasing economic relations between market players, leads to a slight increase in tax revenues in Romania compared to the Union as a whole, where a positive impulse in intermediate consumption significantly increases tax revenue in VAT. Thus, intermediate consumption can be considered as a predictor of VAT revenue and can be entered as a variable in a forecasting model. In the case of Romania, however, research needs to be expanded to identify the causes that led to atypical variations. The results of this study are also useful for assessing the impact of a possible implementation of the generalized reverse charge mechanism, intermediate consumption being exempt from VAT in such a mechanism.
The results indicate that the most likely sense of the causality is from intermediate consumption to VAT revenue, the regression equations related to this link explaining 70% of growth rate of VAT revenue variation, in the case of Romania, and 85%, in the case of the Union as a whole. Specifically, the variation of current VAT revenue is explained by the aggregate impact of the previous year's VAT revenue as well as the current intermediate consumption and the previous year's intermediate consumption. The data show that Romania did not enter into a post-accession convergence process (1 January 2007). In the EU-28, the intermediate consumption growth rate is relatively constant, while intermediate consumption in Romania is highly volatile. Also, the VAT revenue growth rate is relatively volatile in Romania compared to EU-28, but tends to stabilize, which is hard to explain in the context of a high volatility in the tax base.
Given that there is no direct link between intermediate consumption and VAT revenues, in the case of Romania, a specific model of estimating and forecasting VAT revenue should be developed. On the other hand, the results of our study show that the variation of intermediate consumption is very volatile, which would reveal an influence of the hidden economy.
Limits of the study and further research
The results should be viewed with caution because not all variables were stationary in the level, but mostly because the residuals are autocorrelated, are not distributed normally in all cases, and show heteroskedasticity in some variables. A larger number of observations would increase the performance of the regression models, but a longer series of data would not have been relevant from the perspective of this study: it was interested in the evolution of the variables considered especially after Romania's accession to the European Union. For this reason, we worked with only 47 observations (quarterly data for the period 2007-2018) wich limits the analysis.
